The present study was designed to confirm the wide traditional use of treating pain with Salix canariensis, an endemic species of the Macaronesian region. The active compounds were identified. Pharmacological activities were explored in experimental animals by acetic acid-induced writhing, formalin and Levy´s tests, and bioactive compounds were identified after a bio-guided fractionation of the most active organic extract. S. canariensis extract, orally administrated at different doses, led to a significant reduction in writhing, caused a moderate decrease of formalin-induced pain and revealed an excellent dose-dependent anti-inflammatory effect. Bioassay-guided fractionation of the ethyl acetate extract suggested the possible presence of pentacyclic triterpenes from oleanane and ursane series. These findings allow the conclusion that S. canariensis exerts analgesic and anti-inflammatory activities, documenting its traditional use in the treatment of pain and inflammatory diseases.
Ancient civilizations have traditionally used herbal remedies to treat various conditions, willow tree from the genus Salix being one of them. Willow tree belongs to the Salicaceae family and records of its medicinal use go back about 6000 years (1) . The importance of this tree's anti-inflammatory, anti-rheumatic, antipyretic and analgesic properties to treat fever and pain has been well demonstrated.
Salix bark is a rich and inexpensive source of phenolic glycosides, flavonoids, condensed tannins and polyphenols (2) . Salicylates (expressed as salicin) are found in all members of the Salix genus with S. daphnoides, S. fragilis and S. purpurea providing the highest yield (3) . The abovementioned constituents are reported to possess, among others, antinociceptive, anti-inflammatory and antipyretic activities (4 Salix fragilis and S. canariensis are the two species of the Salix genus found in the Canary Islands. The former was introduced to the islands and the latter is endemic to the Macaronesian region, which includes Madeira and the Canary Islands. Ethno-botanical evidence indicates that the hot water infusion of the branches, leaves, flowers and barks of Salix canariensis, popularly known in the Canary Islands as "Sauce", principally contains tannins and phenolic glycosides such as salicin, and is widely used in folk medicine to treat pain disorders (5) . The present study represents the first research into the activities of several extracts of S. canariensis in order to corroborate the widespread traditional use of this species and to identify the potentially most active compounds in animal models.
EXPERIMENTAL

Plant material
Branches, leaves, flowers and barks of S. canariensis were collected in the Los Tilos ravine of La Palma, Canary Islands (altitude 475 meters above sea level), were identified (Pedro Pérez de Paz, Department of Plant Biology, University of La Laguna, Tenerife, Spain) and voucher specimens were deposited.
Extract preparation
Collected aerial parts of S. canariensis were oven dried at 40 °C for four days and powdered in a mechanical mill. The aqueous crude extract was prepared by adding distilled water (1:10, m/V) twice at 100 °C for 1 h, as described by Dévora et al. (6) with slight modifications. Aqueous extracts were then pooled, lyophilized to obtain a powder (yield 4.8 %) and stored. The lyophilizate was dissolved in distilled water and tested at doses of 52.5, 70.0 and 105.0 mg kg -1 bm.
All S. canariensis extracts and fractions, as well as 3 % Tween 80 used as a negative control and NSAID reference drugs were administered orally. Acetic acid and morphine were administered intraperitoneally (i.p.), while formalin and carrageenan were given subcutaneously (s.c.).
Fractionation of the ethyl acetate extract
Fractionation of the plant extract was bio-guided by the inhibitory activity of the different extracts and fractions against pain produced by acetic acid and, after each purification step, the most active fractions were selected to continue isolation of active compounds. Dried powdered plant material was submitted to continuous extraction in four Soxhlet extractors for 7 days using organic solvents of increasing polarity: hexane (Scharlau, Spain), dichloromethane (99.9 %, Scharlau), ethyl acetate (99.5 %, Merck, Germany) and methanol (99.8 %, Scharlau). The respective yields were 2.5, 4.7, 6.0 and 25.4 %. The solvents were then eliminated by vacuum distillation in a rotary vacuum evaporator (Büchler Corp., USA). The most active, ethyl acetate, extract was then submitted to further fractionation (Scheme 1). After chromatography on fine silica gel (0.063-0.200 nm diameter, Macherey-Nagel, Spain) with hexane/EtOAc of increasing polarity (chromatography A), the obtained fractions were concentrated in vacuum. The fractions with similar R f values in TLC were grouped into 6 fractions (A1-A6). The most active one against acetic acid-induced writhing (A5) was subjected twice to Sephadex gel chromatography (chromatography B) to obtain four new fractions, which were also assayed by the acetic acid-induced writhing test. Another chromatography on silica gel with dichloromethane (DCM)/acetone of increasing polarity (chromatography C) was performed with the most active fractions (B1+B2) to obtain further 6 fractions. These fractions were joined according to their R f . Two out of 6 fractions (C3 and C4) were submitted to further purification by preparative TLC (hexane/dioxane 30 %, Scharlau) (chromatography D). Three residues were obtained (D1-D3) after TLC analysis.
The hexane, dichloromethane, ethyl acetate and methanol extracts and fractions tested in the acetic acid-induced writhing test were assayed at a dose of 50 mg kg -1 bm.
Animals
Animals (male and female Swiss mice) were obtained from the Central Animal House of La Laguna University (Tenerife, Spain) and their management and care were conducted in accordance with the Directive 2010/63/EU concerning the protection of animals used for scientific purposes. Approval by the Ethical Committee for Animal Research of La Laguna University was obtained. The animals were divided into groups of 5 or 10 per dose for the different studies.
Pharmacological tests
A study of acute toxicity was performed as described by Abdala et al. (7) before the different tests.
Acetic acid-induced writhing test. -Analgesic activity of the plant extracts was studied through the reduction of acetic acid-induced writhing in mice (8) . The animals were given an aqueous or organic extract or fraction, positive control ibuprofen (75 mg kg -1 bm, Sigma, Spain) and negative control Tween 80 (3 %, Ferosa, Spain). Forty-five minutes later, they were administered 1 % acetic acid (10 mL kg -1 bm, Sigma). The number of abdominal constrictions was counted for 20 min thereafter and the percent inhibition was calculated.
Formalin test. -The method used was similar to that described by Dévora et al. (6) . Twenty µL of 2.5 % formaldehyde in saline (formaldehyde 36.5 % solution, Scharlau) was injected into the right hind paw of the mice one hour after oral administration of the aqueous extract, NSAID control indomethacin (20 mg kg -1 bm, Sigma) or negative control Tween 80, and 30 minutes after opioid control morphine (10 mg kg -1 bm, Braun Medical S.A., Spain). The number of shakes in the early phase (0-5 min) and the time in seconds the mice spent licking or biting the injected paw or leg in the late phase (15-30 min) after formalin injection was recorded and was taken as an indicator of pain response. The percent inhibition of pain response was calculated.
Anti-inflammatory activity: Levy´s test. -Mice were pretreated with the aqueous extract, Tween 80 and ibuprofen at the same doses as in the acetic acid-induced writhing test. After thirty minutes, edema was induced by injection of 25 µL of carrageenan (Sigma) in saline, according to Abdala et al. (7) . Paw thickness was measured with a caliper at 0, 2 and 4 h after carrageenan injection. The difference between the initial and final paw thickness of each animal gave the edema value.
Statistical analysis
Results are expressed as mean ± standard error of the mean. Results were analyzed using one-way analysis of variance (ANOVA) followed by Dunnett's multiple test comparison using the SPSS version 16. The significance level was set at p < 0.05.
RESULTS AND DISCUSSION
First, the effect of S. canariensis on peripheral nociception was evaluated using the acetic acid-induced writhing in mice. As can be seen in Table I , three doses of aqueous extract exerted a significant dose-dependent reduction in the number of writhing episodes induced by acetic acid when compared to the negative control. Pain reduction caused by the doses of 70.0 and 105.0 mg kg -1 bm was 92.1 and 99.1 % (p < 0.001), resp. It is known that abdominal constrictions provoked by acetic acid injection are associated with peripheral inflammation and are believed to be mediated by an increase of prostaglandins, serotonin and histamine in peritoneal fluids (9) . It is therefore possible that the analgesic effect of S. canariensis may be due to the reduction of these inflammation mediators.
The formalin test was used since the acetic acid-induced writhing test is not able to distinguish whether the analgesic effect of this plant occurs at the central or peripheral level. Injection of formalin has been reported to produce a distinct biphasic nociceptive response. The first phase (0 to 5 min) results from direct stimulation of nociceptors. The second phase (15 to 30 min) is thought to be an inflammatory response with associated inflammatory pain, which is a process in which several inflammatory mediators are believed to be involved, including histamine, serotonin, prostaglandins and bradykinin (10) . In this study, the inhibitory effects of S. canariensis extracts were more marked in the second phase, suppressing the pain in a dose-dependent manner, by 23.2, 32.5 and 42.1 % (p < 0.05), resp. ( Table I ). The results obtained in the first phase of the assay could suggest a slight central action, especially of the two highest doses, which reported similar percentages of analgesia (21.6 and 25.6 %). Regarding the drugs used as the positive control, indomethacin mainly inhibited the second phase by 85.0 % (p < 0.001) and morphine did so in both phases by 53.8 % (p < 0.01) and 96.1 % (p < 0.001), resp. These results are in agreement with the literature, which establishes that centrally acting drugs inhibit both phases of pain, while peripheral acting drugs mainly inhibit the second phase (11) . Therefore, the results herein point to a predominantly peripheral action of S. canariensis.
In order to additionally confirm peripheral acute anti-inflammatory activity, effects of the S. canariensis aqueous extract were evaluated in mice using a carrageenan-induced paw edema model (Table I ). In the aforementioned test, administration of S. canariensis extracts caused a dose-dependent effect at 2 and 4 hours post carrageenan injection. The strongest effects were obtained in the first phase. The values of 75.2 (p < 0.001) and 78.2 % (p < 0.001), resp., compared to the control group, were recorded with doses of 70.0 and 105.0 mg kg -1 bm. The above pharmacological property may be attributable to a possible molecular mechanism, similar to that of ibuprofen, of effectively decreasing the production of the pro-inflammatory mediators and the expression of COX-2 (12).
Promising results obtained with the aqueous extract were the reason for identifying which of its bioactive compounds were responsible for the abovementioned activities.
Thus, the plant was subjected to a bioassay-guided fractionation, using the acetic acid-induced writing test as the indicator of activity. Prior to fractionation, four organic extracts of increasing polarity were prepared and tested. The most active extract was fractionated in order to isolate and identify the potential analgesic and anti-inflammatory compounds in S. canariensis.
As observed in Fig. 1 , dichloromethane, ethyl acetate and methanol extracts produced marked inhibition of the acetic acid-induced abdominal constrictions compared to the negative control. Ethyl acetate extract was the most potent extract (59.6 %, p < 0.05) in pain reduction and was therefore selected for further fractionation (Scheme 1). 
Negative control AE -aqueous extract, n.a. -not applied, X ST -number of constrictions; X 1st PHASE -number of shakes of the formalin injected paw; X 2nd PHASE -time (s) that the mouse licks its injected paw; X 2h , X 4h -difference in thickness of the injected paw after 2 and 4 h, respectively.
Statistically significant difference compared to the control group: *p < 0.05; **p < 0.01; ***p < 0.001. a n = 10
As can be seen in Table II , A5 was the most active analgesic fraction (63.5 %; p < 0.01) and was subjected to further fractionation. The two most active analgesic fractions, B1 and B2, reduced pain in the acetic acid-induced writhing test by 49.2 (p < 0.01) and 42.8 % (p < 0.05), resp., and were fractionated again. Two of the 6 fractions (C3 and C4) were submitted to further purification by preparative TLC, giving three residues that appeared to contain a mixture of pentacyclic triterpenes of oleanane and ursane type. The latter were identified by 1 H NMR.
Pentacyclic triterpenes are widely distributed in the plant kingdom and possess a wide range of pharmacologic and health promoting properties. Molecules with a skeleton of oleanane and ursane seem to be responsible, among others, for anti-inflammatory activity of a variety of medicinal plants through inhibition of enzymes involved in the production of eicosanoids, such as cyclooxygenase and phospholipase A2, which impede the release of cytokines, histamine and serotonin (13) . However, they have never been described in the Salix genus.
Summing up the results obtained with acetic acid-induced writhing, it could be concluded that the original crude polar extracts (aqueous and methanol extracts) also produced an interesting analgesic activity, suggesting the presence of other polar compounds in the plant that could participate by exerting synergistic effects. Preliminary analysis of S. canariensis has shown the presence of salicylic derivatives, flavonoids and tannins (5) . Available literature also describes clearly the role of these phytochemicals in the treatment of inflammation and associated problems, indicating that the phenolic compounds exert their analgesic and anti-inflammatory activities because of their influence on the metabolism of arachidonic acid and histamine release. Such metabolites seem to inhibit lysosomal enzyme secretion and arachidonic acid release from membranes by inhibiting lipoxygenase, COX, and phospholipase A2 (14, 15) . Thus, it is possible that the analgesic and anti-inflammatory effects of the S. canariensis aqueous extract are also based on the pres- Statistically significant difference compared to the control group: *p < 0.05; **p < 0.01; ***p < 0.001. ) of Salix canariensis on acetic acid-induced writhing in mice and positive and negative controls (mean ± SEM, n = 5).
Statistically significant difference compared to the control group: *p < 0.05 ence of these active polar principles. Therefore, the phenolic compounds present in this plant may be responsible, in addition to the pentacyclic triterpenes identified for the first time in this species, for the anti-inflammatory and analgesic activities observed in S. canariensis.
On the other hand, an acute toxicity test was performed on the aqueous extract as taken in folk medicine. Its administration up to a 5.0 g kg -1 bm dose has been proven to be safe, since no signs of toxicity were observed in the animals.
CONCLUSIONS
In conclusion, S. canariensis extracts exhibited significant analgesic and anti-inflammatory activities, scientifically validating the traditional use of the plant in the treatment of pain and inflammation. These activities seem to be due to the presence of phenolic compounds and pentacyclic triterpenes in the plant, which may act more synergistically than individually. More studies are needed to provide a better insight into the mechanism of these pharmacological actions.
